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FOREWORD

The aerodynamic force test of the 0. 105-scale ’
FS-9 model was conducted under NASA Apollo Contract
NAS9-150.

This report was prepared by D.G. Cummings of
the Wind Tunnel Projects Group, Los Angeles Division
of North American Aviation, Inc.

This report has been reissued with amendments to
the data sections; all copies of the original issue,
dated 15 November 1962, should be destroyed.
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iI. INTRODUCTION

The Apollo 0. 105-scale force model FS-9 was tested in the NAAL 7, 75~
by l1l-foot wind tunnel from 27 July to 30 July 1962 to obtain aerodynamic
force and stability characteristics of the command module prior to drogue
parachute deployment. The model was tested through an angle-of-attack
range of 0 to £180 degrees at Mach number 0,26 and Reynolds number
2.49 x 10°, The model configuration is shown in Figure 1.

The basic wind tunnel test data only is presented in this report to
make test results available at the earliest possible date. Analyses and a

summary of results will be published in a separate document,

A summary of the completed runs for the Cjg configuration is
presented in the following listing.

o Range (Deg) Run Number

-10 to +30
20 to 70
50 to 100
81 to 125

115 to 156

143 to 187

5 to -30

-20 to -70

«50 to -100

-75 to ~135

-110 to -160
-140 to -190
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Il. MODEL DESCRIPTION .

MODEL CONSTRUCTION

To cover the required angle-of-attack range, one basic command
module was constructed of laminated mahogany, Six different balance
installations in which the angle between the module axis and balanc¢e axis
varied were possible., The command module was constructed in halves
and was joined with machine screws and barrel nuts. The nose section was
constructed as a separate part that could be rotated 0 and 180 degrees with
respect to the basic module. Otrientation of the nose section would then
permit the complete angle-of-attack range to be obtained by pitching the
model in one direction only (Figure 1). NAA CO 71214126! is a detail
drawing of the model configuration,

INSTRUMENTA TION

Six-component force ahd moment data were measured by the 2, 5-inch
Mark III-C internal balance,

Base pressures were not required, but one balance chamber pressure
was measured with a Statham differential pressure transducer,

1Bristol, M. A. Apollo Recovery Model, Drawing No, CO7121-126
NAA/S&ID (16 June 1962).
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HI. TEST PROCEDURE

MODEL INSTALLATION

The Apollo FS-9 force model was installed on the Task 2. 5~inch
MK III-C internal balance and adaptor to the sting assembly. A typical
tunnel installation is shown in Figure 2, and the actual installation is shown
in Figures 3 through 8. The model was positioned in the yaw plane by
rotating the model 90 degrees with respect to the balance, thereby meas-
uring normal forces on the side force gages. This was done to increase the
accuracy of the data. Angles of attack were accomplished by pitching the
model in the yaw plane.

During the operation of this test, an angle-of-attack range of -30 to
+30 degrees was covered with the sting support system., This range,
combined with the various model offset angles (f), allowed adequate cover-
age for the angles of attack on the model.

INSTRUMENTA TION

The output of each force element was recorded on Leeds and Northrup
Speed-O-Max strip chart recorders set to monitor several seconds of data
at each point. The average values from the chart paper was transmitted to
the 8B104 program, which was reduced by the IBM-709. The final computed
data, presented in tabulated and card form, was then plotted on a Benson-~
Lehrner digital plotter.

Balance chamber pressure was measured with a Statham differential
pressure transducer type PM5 TC £0, 25-350 (0, 25 PSID) referenced to the
Po reference system.

DATA REDUCTION CONSTANTS

Force and moment coefficients were computed based on the following
geometric constants,

A Model reference area = 1.4261 ft@
(maximum cross-sectional area)

D Model reference diameter = 1. 3475 ft
(maximum diameter of command module)

SID 62-1129
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The reference center-of-gravity location for the command module
alone was x/D = -0.686 and z/D = 0. 059.

All angle-of-attack data were corrected for sting and balance

deflection.

corrected for base drag.

% = ~105.644 |N;

D =154.0IN.

Although balance pressure was measured, the data was not

DATA ACCURACY

The balance and recording instrumentation were set to provide
maximum possible sensitivity within the capabilities of the amplifying
instrumentation and the limits established by keeping maximum loads less
The probable coefficient errors for all

than full scale on the recorder.
test conditions are presented in the following listing:

Mach Reynolds
No. | No. x 10~ | xtAcN | +Aca £Cm, |+ACMA-| #ACL | +ACD
0. 26 2. 49 0.002 | 0.002 | 0.0005 | 0.0014 [ 0.002 | 0.002
0.185 1.77 0.003 | 0,003 | 0.0010 | 0.0027 | 0.003 | 0.003
i
-6 - ONMBENTIRE
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1IV. NOMENCLATURE

Mach Test section free-stream Mach number
RN Reynolds number x 10-6 (based on reference diameter)
q=0Q Test section free-stream dynamic pressure, lb/ft2
Po Test section free-stream static pressure, 1b/£te
PBC Balance chamber pressure, 1b/t2
DP/q Balance chamber pressure coefficient, PBC-Po/q
L4 Angle of attack of model, degrees
¥ Angle of yaw of model, degrees
‘ ) $B Model roll angle relative to the tunnel center line

(¢pB = 90 degrees for these tests), degrees

0 Angle between balance axis and model axis of symmetry,
. degrees
A Model reference area, 1.4261 £t2 (maximum cross-~sectional

area of command module)

d=D Model reference diameter, 1l.3475 ft (maximum diameter of
command module)

X Distance along model §, from command module apex to
center of gravity, inches (negative when aft of apex)

N1

Perpendicular distance from model G, to center of gravity,
inches (positive when below model §))

Stability system of axes with origin at center of gravity

Cp Drag coefficient, drag/qA

) “ ) Ci, Lift coefficient, lift/qA

- 11 -
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C QM.

Cm, g Pitching moment coefficient, pitching moment/qAd
Cy Side force coefficient, side force/qA

Cns Yéwing moment coefficient, yawing moment/qAd
Cis Rolling moment coefficient, rolling moment/gAd
L/D Lift-to-drag ratio, CL/CD

Body system of axes with origin at center of gravity

Ca Axial force coefficient, axial force/qA

CN Normal force coefficient, normal force/qA

CNB Yawing moment coefficient, yawing moment/qAd
CLB Rolling moment coefficient, rolling moment/gAd

Body system of axes with origin at command module projected cone apex

CMA Pitching moment coefficient, pitching moment/qAd

XCPN/D Location of normal force center of pressure divided by the
command module diameter, measured from the command
module apex, CMA/CN

Subscripts

S Referenced to the stability axes system

B Referenced to the body axes system

12 e
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TABULATED DATA KEY

The caption at the top of each listing identifies the type of data. The
horizonal line across each listing contains the following identification:

1. Run number

2. Configuration tested

3. Theta = model offset angle (0)

4. Phi = model roll angle (¢)

5. Type P6 = Pitch configuration using six force components

6. Mach number

7. RN = Reynolds number x 106 (based on command module

diameter, 16.17 inches)

8. Q = Test section free-stream dynamic pressure, lb/ft2

9. NAAIL 487 = Test number

Under the first listing, Body-Axis Coefficients

Alpha = Model angle of attack,
Yaw = Model angle of yaw, deg
CA = Axial force coefficient

CN = Normal force coefficient

deg

CMA = Pitching moment coefficient about the command module

apex

CNB = Yawing moment coefficient
CLB = Rolling moment coefficient
XCPN/D = Location of normal force center of pressure divided
by the command module diameter, measured from
the command module apex, positive forward
DP/Q = Balance chamber pressure coefficient

SID 62-1129
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Under the second listing, Stability Axis Coefficient,

Alpha = Model angle of attack, deg

Yaw = Model angle of yaw, deg

CD = Drag coefficient

CL = Lift coefficient

Cmcg = Pitching moment coefficient about center of gravity
CY = Side force coefficient

CNS = Yawing moment coefficient

CLS = Rolling moment coefficient

L/D = Lift-to-drag ratio

1
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INDEX OF PLOTTED DATA

DESCRIPTION

Command module characteristics

Cp, C1,» L./D, Cmc.g.’ Cas Cns CmAs XCP/D versus o
for Configuration C38

-10 to +180 Degrees B-3to B-10

R
!

a =+5 to -180 Degrees B-11to B-18
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